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NRSC-R37

FOREWORD

NRSC-R37, FM Receiver Interference Tests - Laboratory Test Report, presents the results of a technical
study conducted for National Public Radio, the Consumer Electronics Manufacturers Association (CEMA,
precursor to CEA), and the Corporation for Public Broadcasting to document the sensitivity of consumer
FM receivers to interference from other FM band signals. This report was filed with the FCC on August 2,
1999 in MM Docket No. 99-25, In the Matter of Creation of a Low Power Radio Service.

The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of
Broadcasters. It serves as an industry-wide standards-setting body for technical aspects of terrestrial
over-the-air radio broadcasting systems in the United States.
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FM Receiver Test Laboratory

Date:
Engineers:
Project: FM Receiver Test Al

Receiver Test No.:
Class:

Radio Mfg.:
Model:

Serial:

Antenna Network: FM

Audio load: Ohms

Initial Set Up: Radio under test shall have tone controls set to flat detent position, Loudness control off, Balance
Fader controls centered (set to mid position), Volume set to Standard Output
Any other control settings unique to the radio under test shall be noted in the Comments section.
Left channel shall be used for all Signal (and S/N ratio) measurements.
15kHz Low Pass filter shall be used on the output of the left channe] for all measurements.
Right channel shall be used for Noise measurements - Stereo Separation test only.
All level measurements are rms

Comments:
Standard RF Levels Standard FM Test Frequencies
Strong: 45 dBm Low: 941 MHz

Medium: -55 dBm
Weak: -65 dBm

Standard Test Set Ups

Strong Signal Overload
Single RF Tone Tests
Two RF Tone Tests
Measurement Set up

B W=

Standard Tests

Local Oscillator Frequency (Tuning Error)
Standard Audio Output (Audio level and distortion)
RF Input Overload ( RF level required for 5% THD)
AM Rejection
Image Rejection
Curve Tests (plots of RF Level Vs Signal - Mono & Stereo, Noise - Mono & Stereo, Stereo Separa
Capture Ratio
Selectivity; 1st Adjacent (30dB noise figure)
Selectivity; 2nd Adjacent (30dB noise figure)

10 Selectivity; 1st Adjacent (50dB noise figure)

11 Selectivity; 2nd Adjacent (50dB noise figure)

12 Selectivity; 3rd Adjacent (50dB noise figure)
13-15 Additional 10.7MHz Tests

WO IANEWN
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FM Receiver Test Laboratory

Single RF Tone Tests

1 Local Oscillator Frequency (Tuning Error)
Set Up: Connect Spectrum Analyzer to Radio Antenna input
Adjust: Tune radio to Test Freq. 1, measure L.O. Freq 1
Tune radio to Test Freq. 2, measure L.O. Freq 2

Measurement: .O. Freq 1 MHz
L.O.Freq2 MHz

2 Standard Audio Output
Set Up: Test Set Up 2, Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono

Adjust: Set Radio Volume to Std. Ref. Level, record Left and Right channel audio level and THD

Measurement: Left Ch Right Ch
Level Vims =0d4B Level Vrms
THD % THD %

3  RF Input Overload
Set Up: Test Set Up 1, Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level
Increase RF Level until 5% THD at Radio output, record RF Level

Measurement: RF Lev. dBm (@ 5% THD)
EOC:

4  AM Rejection
Set Up: Test Set Up 2, Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref, Level, record THD
Set modulation mode to FM (75kHz), AM (30%), record THD

dB (FM Only)

Measurement: THD %
dB (FM + AM 30%)

THD %

AM Rejection: dB

5 Image Rejection
Set Up: Test Set Up 2, Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level (0dB)
Decrease RF Level until S/N Ratio = 30dB, record RF Levl
Tune RF Gen to; Desired Freq. +/- 2 X IF Freq.
Adjust RF Level until S/N Ratio = 30dB, record RF Lev2

Measurement: RF Levl dBm  (S/N Ratio = 30dB)

RF Lev2 dBm  (21.4MHz + 94.1MHz = 115.5MHz)
Image Rejection:  0.00 dB (RF Levl -RF Lev2)

4
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FM Receiver Test Laboratory

6 Curve Tests
Set Up: Test Set Up 2, Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono/Stereo
Adjust: Set Radio audio to Std. Ref. Level (0dB) for both Mono and Stereo set ups.

Plot: Signal, Noise Vs RF Level (Mono)
Signal, Noise Vs RF Level (L+R, Stereo)
Stereo Separation Vs RF Level (L only, Stereo)
Record: Noise floor at -45dBm without Low Pass Filter as a measure of pilot rejection

CURVE DATA

SIGNAL, NOISE & SEPARATION VS RF LEVEL

B

SN

i
B
S
S

4
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FM Receiver Test Laboratory

Two RF Tone Tests

7 Capture Ratio
Set Up: Test Set Up 3
Desired: Test Freq. 1, -55dBm, 1kHz, 22.5kHz dev, Mono
Undesired: Test Freq. 1, -130dBm, CW
Adjust: Set Radio audio to Std. Ref. Level (0dB)
Increase Undesired signal until audio Ievel drops 1dB, record Undesired RF level as RF Lev 1
Increase Undesired signal until audio level drops 30dB, record Undesired RF level as RF Lev 2

Measurement: RF Lev 1 dBm
RF Lev2 dBm

Capture Ratio: _ 0.00 dB (RFLev1-RFLev2)2

8 Selectivity - 1st Adjacent 30dB S/N (Upper and Lower)
Upper 1st
Set Up: Test Set Up 3
Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 +200kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level (0dB)
Set the modulation of the Desired signal to CW
Increase Undesired signal until noise floor is -30dB, record Undesired RF level as Undesired Uppe
Lower 1st
SetUp:  Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 -200kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level (0dB)
Set the modulation of the Desired signal to CW
Increase Undesired signal until noise floor is -30dB, record Undesired RF level as Undesired Low

-53.00 Eaisnsas

5500 b

Desired Lev
Undesired Upper Lev
Undesired Lower Lev
Selectivity, 1st Adj.: g b

Epas i o8800:| (RF D/U Up + RF D/U Lo)2
9 Selectivity - 2nd Adjacent 30dB S/N (Upper and Lower)
Upper 2nd
Set Up: Test SetUp 3
Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 +400kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level (0dB)
Set the modulation of the Desired 51gnal toCW
Increase Undesired signal until noise floor is -30dB, record Undesired RF level as Undesired Uppe
Lower 2nd
SetUp:  Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 -400kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Adjust: Set Radio audio to Std. Ref. Level (0dB)

Set the modulation of the Desired signal to CW
In rease U desu'ed i !SC ﬂoor is -30dB, record Undesired RF level as Undesired Low

Desired Lev| -55.00 “*3’**2“:\*&5 3 -55.00 Eisgss
Undesired Upper Lev i
Undesired Lower Lev

BTSRRI

B 2SR

Selectivity, 2nd Adj.: s #:{(RF D/U Up + RF D/U Lo)/2

|\ &L
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10  Selectivity -

Upper 1st
Set Up:

Adjust:
Lower 1st

Set Up:

Adjust:

Desired Lev
Undesired Upper Lev
Undesired Lower Lev
Selectivity, 1st Adj.:

11  Selectivity

Upper 2nd

Set Up:

Adjust:

Lower 2nd

Set Up:
Adjust:

Desired Lev
Undesired Upper Lev
Undesired Lower Lev

Selectivity, 2nd Adj.:

FM Receiver Test Laboratory
1st Adjacent S0dB S/N (Upper and Lower)

Test Set Up 3

Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 +200kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)

Set the modulation of the Desired signal to CW
Increase Undesired signal until noise floor is -50dB, record Undesired RF level as Undesired Uppe

Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 -200kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)

Set the modulation of the Desired signal to CW
In Undesired signal until noise floor is -50dB, record Undesired RF level as Undesired Low

-55.00 ity -55.00

RF D/U Up + RF D/U Lo)2

S o
SRS

-2nd Adjacent 50dB S/N (Upper and Lower)

Test Set Up 3

Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 +400kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)

Set the modulation of the Desired signal to CW
Increase Undesired signal until noise floor is -50dB, record Undesired RF level as Undesired Uppe

Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 -400kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)
Set the modulation of the Desired signal to CW
Increase Undesired si; until noise floor is -50dB, record Undesired RF level as Undesired Low

TR

AL TR ~\¥

~55.00

R

Nt S 23
B DROSTERRRRR 8

RN, SR

“|(RF D/U Up + RF D/U Loy2

12 Selectivity - 3rd Adjacent 50dB S/N (Upper and Lower)

Upper 3rd

Set Up:

Adjust:

Lower 3rd

Set Up:

Adjust:

Test Set Up 3
Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 +600kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)
Set the modulation of the Desired signal to CW
Increase Undesired signal until noise floor is -50dB, record Undesired RF level as Undesired Uppe

Desired: Test Freq. 1, Medium, 1kHz, 75kHz Dev, Mono
Undesired: Test Freq. 1 -600kHz, -130dBm, 1kHz, 75kHz Dev, Mono
Set Radio audio to Std. Ref. Level (0dB)

Set the modulauon of the Des:red s1gnal to CW
1se ﬂoor is -50dB, record Undesired RF level as Undesired Low

Desired Lev
Undesired Upper Lev
Undesired Lower Lev
Selectivity, 3rd Adj.:

Additional Tests

-55.00 pusmaaad -55.00 e

“08:J(RF D/U Up + RF D/U Lo)/2

R
SERERRE
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FM Receiver Test Laboratory

™

Additional Tests

13 10.7MHz Rejection
Using Test Set Up 1 at the desired frequency of 94.1MHz;
Set generator to 1kHz, 75kHz dev. / CW
Reduce RF level to obtain 30dB S/N ratio.
Record RF Level as RF Lev 1
Set RF generator to 10.7MHz
Adjust RF level to obtain 30dB S/N ratio
Record RF Level as RF Lev 2
Calculate the difference between the two RF levels

RFLevl -105.00 dBm
RF Lev2 dBm EOC - -
D/U 105.00 dB Could not attain a reading for this test

14 10.7 IM Test
Using the three generator set up, set generators as follows;
Set Up: Desired: 94.1MHz, -45dBm, Pilot only
Lower Undesired: 88.7MHz, 1kHz, 75kHz dev
Upper Undesired: 99.3MHz, 400Hz, 75kHz dev
Adjust: Undesired RF level to obtain -50dB noise floor, record RF lev 10.6MHz Spacing
Set upper undesired generator to 99.4MHz. Adjust RF lev for -50dB noise floor. (RF lev 10.7MHz Spacing)

15 10.7MHz (10.6MHz) Local Osc Interference Test
Set Up: Desired: 94.1MHz, -45dBm, Pilot only
Set upper interferer generator to 104.7MHz (94.1MHz + 10.6MHz), 400Hz, 75kHz dev =~ _
a) Increase level of undesired signals until noise floor is -50dB (+/- 2dB). Record RF Lev for 10.6MHz Spacing
b) Re-adjust upper interfering generator to 104.8MHz (94.1MHz + 10.7MHz)
Re-adjust RF level for -50dB and record RF lev for 10.7MHz spacing

o
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Date:
Engineers:
Project:

Receiver Test No.:
Class:

Radio Mfg.:
Model:

Serial:

Antenna Network:

2/28/99

RMc

FM Receiver Test Al

1

Automotive

Delco

16192463

1000499

Delco

Audio load: 4 Ohms

FM Receiver Test Laboratory

Imitial Set Up: Radio under test shall have tone controls set to flat detent position, Loudness control off, Balance and
Fader controls centered (set to mid position), Volume set to Standard Output
Any other control settings unique to the radio under test shall be noted in the Comments section.
Lett channel shall be used for all 81gnal (and 8/N ratio) measurements.
15kHz Low Pass filter shall be used on the output of the left channel for all measurements.
Right channel shall be used for Noise measurements - Stereo Separation test only.

All level measurements are rms

Comments: Graphic equalizer set to flat

Loudness off
0
0
Standard RF Levels Standard FM Test Frequencies
Strong: 45 dBm 94.1MHz
Medium: -55 dBm
Weak: -65 dBm
Standard Test Set Ups
1 Strong Signal Overload
2 Single RF Tone Tests
3 Two RF Tone Tests
4 Measurement Set up
Standard Tests
1 Local Oscillator Frequency (Tuning Error) 13 10.7MHz Rejection
2 Standard Andio Output (Aundio level and distortion) 14 10.7MHz Intermodulation
3 RF Input Overload ( RF level required for 5% THD) 15 10.7MHz Spurious (Local Osc. Interference)
4 AM Rejection
5 Image Rejection
6 Curve Tests (plots of RF Level Vs Audio Output)
7 Capture Ratio
8 Selectivity; 1st Adjacent (30dB noise figure)
9 Selectivity; 2nd Adjacent (30dB noise figure)
10 Selectivity; 1st Adjacent (50dB noise figure)
11 Selectivity; 2nd Adjacent (50dB noise figure)
12 Selectivity; 3rd Adjacent (S0dB noise figure)

File Name: C_delco
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10

11

12

13

14

15

Test Results:
Local Oscillator Frequency:
104.800 MHz

Standard Audio Output:
Left Channel THD

2 Vrms .64

RF Input Overload:
2200 dBm

AM Rejection:
0.00 dB

Image Rejection:
-44.00 dB

Curve Tests:
(See Plots)

Capture Ratio:
-5.00 dB

%

FM Receiver Test Laboratory

Right Channel

2

Selectivity, First Adjacent, 30dB Noise Floor (Ave. D/U)

-19.13  dB Mono
-18.58  dB Stereo

Selectivity, Second Adjacent, 30dB Noise Floor (Ave. D/U)

-63.00 dBMono  MaxRF
-63.00 dBStereo MaxRF

Selectivity, First Adjacent, S0dB Noise Fleor (Ave D/U)

5.97 dB Mono
7.42 dB Stereo

Selectivity, Second Adjacent, 50dB Noise Floor (Ave. D/U)

-54.58 dB Mono
-52.58 dB Stereo

Selectivity, Third Adjacent, 50dB Noise Floor (Ave. D/U)

-56.58  dB Mono
-54.58  dB Stereo

10.7MHz Rejection
105.00 dB

10.7MHz IM (D/U)
3193 dB(10.6) MmxRF
3193 dB(10.7) MxRF

0
0

Could not attain a reading for this test

10.7MHz Spurious - Local Osc. Interference (D/U)

-3193  dB(10.6) MaxRF
-3193 dB(10.7) MexRF

File Name: C_delco

There was enough interference to raise the noise floor to -54dB - beat note type noise

0

Vmms

Max Test Bed RF level - no change in level or THD

FMRESULTS

THD
45

%

Page 8 of 15



£)1

TN,

FM Receiver Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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FM Receiver Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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